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UDIES OF DISTRIBUTED PRACTICE: X. THE INFLUENCE

OF INTRALIST SIMILARITY ON LEARNING AND

discover the influence of intralist
aimilarity and intertrial interval on
retention of serial adjectives. With
regard to retention as a function of
intralist similasity, several studies (4,
6, 7, 8) indicate that while intraliat
similarity may influence rate of learn-
ing, it has no influence on recall taken
24 hr. following learning. As yet,
kowever, no tests of retention have
been made for serial adjectives of
varying levels of intralist similarity.

The data are conflicting concerning
retention of rote-learned materials
following acquisition with varying
intertrial intervala. With serialiy
learned nonsense sylizbles, Hovland
(3) found better retenzion after spaced
practice than after massed practice.
We have found quite the opposite with
comparable materials {6). Retention
of paired adjectives may (4) or may
not (8) be enhanced by distributed
practice depending, we believe, upon
degree of learning before the retention
interval. Although degree of learning
bas noat clearly beer shown to be the
critical variable, some evidence (sum-
marized in 8) suggests that with high
degrees of learning massed practice
gives better recall, and with low de-
grees of learning spaced practice gives
better recall. In any event, data
availabie at the present time do not

1R, L. Morgan and E. J. Archer supervised
the gathering of the data; Mr. Archer and Jack
Rickardson sie largely respoatible for the statis-
tical anzliysis,
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RETENTION OF SERIAL ADJECTIVE LISTS
BENTON J. UNDERWOOD!
Northwerters Unioersitss

q'l’he major purpose of this study was

justify generalizations concerning re-
tention following learning by massed
and dietributed practice. Since there
are no resuits on this variabie for seriz]
adjectives, the present experiments
will fill this gap.

Previcus experiments (5, 9) on
learning of serial sdjectives as a func-
tion of massed vs. distributed prac:ice
have shown smail but consistent dif-
ferences in favor of facter lesrning
with distribution. The present experi-
ments will give additional data on this
relaticnship, for obviously, in order to
measure retention following different
intertrial intervals, learning rates
under these intervals will also be
availeble.

Pxocepure: Exr. I, II, axo III

Geneval.~The first data to be reportad are
based on thrze experiments. Two sdditional
experiments make up part of the report but will
not be described until afeer the results of the first
three studies aze given. The firet three experi-
raents are differentiated ouly by degree of intra-
list similarity of the adjective lists. In Exp. I,
intralist eimilanity is bow; in Exp. II, medium;
and in Ezp. LI, intralist similarity is high.
Each experiment had three different conditions,
these coaditicns varying ia length of intertrisl
rest interval These intervals were 2 sez.
(massed), 30 sec., and &) eec.

Lise—Sizncs there were three coaditions in
each experiment, and tince & given S served in all
three conditions, three different experimental
Tisto were requisc? Sr each experiment. Eaxch
serial List consiited of 14 two-ryllable adjectives,
but eince the first word wa¢ uced enly 25 =2
anticipatory cue, S jeamed oaly 13 itema. All
adjectives were taken from Haagen (2). In con-
structing the lists, the 14 items to be used were
formed into five sets in which four sits evnsisted
of three words and one set of two worde. In
varying similarity, synonymity of items within
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scts was varied. That is, ior low similesity the
items within sets making up the lists woukd have
fow synonymity while for high similarity the
iterns within sets had a high-synonymity rating.
The lists, and sets within lists, are iliustrated
below for cach level of similarity. Sets arc
enclosed in pareatheses,

Exp. I: Low Smnru_y {fckle, boedless, fizful}
(urgent, crying, rcqumd) (uckl}'. bedfast,
fecble) {complete, perfect, utter) (empty,
yawning)

Ezp, II: Mediam Similarity: (anxious, dis-
treased, troubled) (cautious, discreet, guard-
ed) (swolles, bloated, puffy) (liquid, fowing,
solrent) (spoken, talking)

Exp. 11I: Higs Similerity: (angry, enraged,
wrathful} {complete, entire, tota!) (double,
g::d‘.) twolold) (royal, regal, kingly) (liquid,

I oae studies the above illustrations, it will
be recognized that degres of similarity within sets
incresses from Exp. | through Exp. 1. The
method of incressing similarity, it will be real-
ized, docs not ircrease the number of potential
mterfering teadeacies but increases the streagth
of those tenceucies. In Haagen's saling, 5
indicates highest similarity 2nd 6.5 owat
Averiging the synceymity ratings for the sets of
ezch list for Exp. | gives meare of 4.04, 3.80, and
4.01; for Exp. Il the means are 2.40, 2.42, and
f.;fi, for Exp. Iil cbe means are .22, §.51, and

Ia ordering items for a Hst, of enuirss, syro-
nyms were never placed together but were scat-
tered througheat the lize,. The individual famil-
iaﬁtynxﬁmdnﬂudiectivuiunlktamged
tbout the same for all lists for all three levels of
similaricy. Obvious associative cues (e.g., same
pceﬁxont'ommve'ordg)vaehptu
mainimum,

Aung!epmm!in.lamedbyan&,naof

medium similarity. AP Lists were preseated on
Huii-type drums at a 2-s¢c. rate, with the antici-
pa:ionmethoddleammcusedthmgbwt.

Specife conditions.—Oe the practice day S
leameddueprmbtmmcam

wu-:pamummmmmamada
trial  After S-min. nest she practice Wik was
secalled sad relearmed.

Or the experimertal days S learned & it to
one perfect recitation ander the intertrial inierval
eppropriate for the doy. After 24 hr. the st
wwmww!ﬂwm
On the first three cxperiniental days S learned &

new list each day whick was in tum recalled the
following day. On the last of the four experi-
mensal daye only recall and releaming of the list
learned the previous day were required. Thus,
8§ served in five sessions, the first beine a practics
session.  The four experimenial sessions canie oo
four successive days in order to meet the 24-hs.
retention interval for each list.

A total of 36 undergrsduate students was used
in sach experiment.  Conditioas of intertrial rest
and lists were completely countestziznoed apainst
practice effects. The methed Lr 2tavistical
analysis of such designs has been reported else-
where by Archer (1)

Resurrs: Exe. I, 11, anp HI

Practice iist.-—The mean number of
trials o learn the practice list to onue
perfect recitation was 27.36, 29.72,
and 26.25 for Exp. I, I, and III,
respectively. F is lezs than one,
The product-moment correlation be-
tween trials to learn practice list and
trials to learn all three esperimental
lists for ail three experiments com-
bined it .60+.10. The mean number
of errors per tria! in learning the prac-
tice list was 1.83, 1.54, and 1.74. F
is 1.32, with an F of 3.09 needed for
significance at the .05 level of confi-
dence. The correlation between errors
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Fie. L. Leawcing 20 o function of icrerisia
interval snd intralist ciuilerity. Exp. [ had are
of low timilarity; Exp. Il medinm; and Exp. L5,
high intralin? similarity.
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Fic. 2. Rstention as s function of iptertrial
rest with aumber of reinforcements {correct
respoases) during leaming beld corstant

on the practice day and errors ¢n ex-
perimental days was .64 & .10. The
three groups of Ss may be considered
comparable.

Experimental lists.—The mean num-
ber of trials to learn the lists of varying
similz;ity under three intertrial rest
conditions is shown in Fig. 1. The
statistical analysis of the distributions
on which these means are based has
shown: {a) Simiiarity a= varied here
it not an effective variable, F being
less then one. (3) Intertrial restiv a
significant source of variance. The F
for intertrial rest is 4,48. With 2 and
200 df, F is 3.04 at .05 fevel of confi-
dence, and .71 at the O level. (¢)
Interaction between intertrial rest and
intralist similarity is far from signifi-
zant (F is 1.33}.

Mean srror: per trial did not vary
25 a fnnnmn ef inteerrial interval.
wmoﬁimg all ihise inweninal rest
condivions for each experiment, the
meas pumber of enors per trial was
122, 121, and 145, for Exp. 1, 11,
and Y1, respectively. The distribu-
tions on which these meaus are based
do not differ signific: «y.

Rezall and relearning—Analysis of
the Z4-hr. recall shows no significant
scurce of variance. The trend for the
raw recall scores was for better recall
for high-similarity lists than for low-
similarity lists. In order to evaluate
the influence of intertrial rest on
retention we have made zn item anal-
ysis of origiral learning by grouping
items having comparable number of
reinforcements (cotrect anticipations)
and then determining percentage cor-
rect at recall for cach grouping. The
result of this apalysis iz shown in
Fig. 2. While the differences are
small, it may be ucted that recall is
bettar followiag massed prectice than
followiug spaced practice for items
receiving a large number of reinforce-
mente. The situation is reversed for
items with a moderate number of rein-
forcements. As ‘summarized eloe-
where (8), comparable trends have
been noted in severz! other studies.

Neither interlist similarity nor inter-
trizl interval was effective during
relearning.

All findings for learning, recall, and
relearning indicate that similarity as
variable.. The only clear positive
finding of the three expenmenu was
that distributed practice pmduoed
faster learning than massed practice.
Even here the level of ngniicance was
not high and confirme previous find-
ings (S, 9) that with serial adjectives
distribated practice’ produces small
bu consistent smounts of facilitation.

In view of the fact that similarity
did not inflaence rate of learning, we
have no adequau: teito{ retention aza
f‘du;uuu WK ll uu.wu!muuruv. T“ucu‘.—
fore, we have run two additional
experiments to obtain more definitive
data on this matter. The purpose
was to obtain listz varying in simi-
larity which would produce differences
in rate of learning.
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Fi1c.3. Leaming as s functicn of intertrial
interval and interfist similarity. Experiment IV
kad very low intralist similarity; Exp. V bad
very high intralist similarity. :

Proczouxs: Exr. IV axp V

The saly difference between these two experi-
tnents and thoee reported above was in Fsts. In
Exp, IV the lists had very low similariiy. No
krown meaniegfel similarity existes between
ftems withia a Bst and ail apparent insances of
formal similarity were eliminated. Ia Exp. V.
ot the other haud, lists were coastructed to have
high similarity by increasing the pumber of
synoaymous worde within 4 list. The l4-item
lists were made with three sets of highly synoay-
rmous adjectives, one set containing four
and two sets containing five. This is to be
contrasted with Exp. 11 where we usod four sets
of three synonyms and cae set of two. In short,
ell detzik of the experiments weme the same s
those reported sbove except that Exp. IV had
lists edastructes; to have lower intralist séimilsrity
then Exp. I, eed Zxp. V kad iists conetrucizd to
have higher intralict similerity than Exp. 111,

Resurrs: Exp. IV axp V

Practice list.—The mean number of
trigis required o icarn the practics
list was 2861 for Lxp. IV, and 27.31
for Exp. V. The corresponding mean
number of errors per trial was 1.36 and
1.40. Since these means for either
measure do not differ significantly, we
may consider the two groups of Ss
equivalent.

Experimental lists.—The mean num-
ber of trials required to learn the iists
are plotied in Fig. 3. It is apparent
that simiiarity produced wide differ-
ences in rate of learning. Further-
more, as in the firet three experiments
reported in this paper, distributed
conditions produced somewhat more
rapid learning than did massed condi-
tions. There is no evidence for inter-
action between intertrial rest and
intralist similarity.

For all three conditions, more errors
were made in learning high-similarity
liste than in learning low-similarity
lists but these differences were not
greatenough tobe reliable statistically.

Retension.—-Intertrial interval dur-
ing learning produced no significant
differences in recall. However, differ-
ences in recall ettributable to simi-
larity were very large, with the better
retention occurring for the high-simi-
larity ligts. For all three conditions
combined, the mean number of items
recalled from low-similarity lists was
3.30; for the high-similarity items the
corresponding value was 5.00. The F
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Frc.4. ~  “vioa as a function of iatralist

similarity with number of reinforcements during
learning held constant. Experiment IV had low
similarity; Exp. V, high.

DISTRIBUTION OF PRACTICE 257

is 11.35, with an F of 7.0]1 nceded for
the .01 level with 1 and 70 4f.

These retention results as a fuac-
tion of similarity must be evaluated
cautiously. Since the number of trials
required to learn the two sets of lists
was widely different, it is apparent
that mean frequency of reinforce-
ments for items in the two lists was
different. Therefore, differences at
recall may reflect this variable and not
similarity. Accordingly, an item anal-
ysis has been made in which number
of reinforcements during ieaming is
held constant for the iwo lists and
percentage correct at recall deter-
mined. The results of this analysis
are shown in Fig. 4. It can ue seen
that even with number of reinforce-
ments held consiani, recall of high-
similarity items is superior toc recall
of low-similarity items. To make
sure that Fig. 4 is not a result of bias
in grouping reinforcements for learn-
ing, we have also analyzed recall for
number of reinforcements from 1
through 20 separately. At nearly all
points recall wa: beiter for high-
similarity lists than for low-similarity
lists. Clearly, the conciusion is that
retention of serial adjectives with high
intralist similarity is better than reten-
tion of serial adjectivee of low intralist
similarity.

Relearning required longer for high-
similarity lists than for low, and more
errors per trial were made in relearn-
ing the high-similarity lists thar the
low, but neither trend had statistical
reliability.

Discussion

Asin previcus etudies (5,9) we have
found that learning of serial adjectives
is facilitated by distributed practice
but this facilitation is not great. In
all studies the level of szatisticalsig-
nificzace has not been high but always
learning is faster with distribution

than with messing. Furthermore, we
have no clear evidence in any of these
studies that there is interaction be.
tween intertrial interval and interlist
similarity. As in the case of nonsecase
syllables (6) there is no basis for
believing that difficulty as manipu-
lated by intralist similsrity is an
important variable iz the study of
massed ve. distributed practice.
Retention as measured by recall
scores has not varied as a function of
intertria! interval in the five experi-
ments reported here. Consistent with
previous findings (8), however, is the
trznd noted from the item analyses of
recall that heavily reinforced items are
better recalled following massed prac-
tice than following distributed prac-
tice. Conversely, if the item is
reinforced only a few times during
learning, it will be better retained if
learned under distributed practice
than if learned vnder massed practice.
It ehould be smphasized that these
are only tremnd:r noted in the data
reported here and in sevesal previous
ezperiments. To verify clearly these
suggested principles, independent ex-
periments will be necessary in which
degree of learning is manipulated.
Finally, it should be pointed out
that in all of our experiments on mass-
ing vs. distribution, whether using
gerial learning or paired-associate
learning, or whether using meaningful
materizi or nonsense syllables, no evi-
dence hac been ‘_und thst intralist
similarity is an important variable
influencing reczil. In the present
study (Exp. IV and V) with degree of
learning held constant, recall was
consistently better for lists of high
similarity than for those of low simi-
larity. We do not believe that this
finding is a contradiction to the above
general statemeat. Raother, we be-
lieve that it is a reflection of the
particular technique used to vary
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similarity and as such reprezents an
exception to the more general findings
of previous experiments. It is, of
course, important to know that there
are ways in which similzrity can be
manipulated so that recall will be
directly correlsted with similarity, but
the bulk of the evidence, in which
similarity has been varied in manjy
different wajys, indicates the present
finding to be an exception. In our
high-similarity lists in the present
experiments there were three clusters
of synonyms. In constructing the
lists two words from a given cluster
were never allowed to be serially con-
tiguous. With such a system it is
possibie to see how recall could be
facilitated. Thus S, having just seen
one word of a given cluster, may learn
that the next word cannot be from the
same cluster. Or, having seen two or
three words from a given ciuster
during the first part of a trial, S might
know with some certainty that among
the last few words there would be one
or two more words from that cluster.

In short, there are ways by which S
could increase his recaili for Ligh-
similarity lists but this increment
could well be relevant only to the
particular lists used here because of
the method used in constructing them.
Therefore, we do not feel that general-
izations should be made from the
present finding that high-similarity
listzs are recalied better than low-
similarity lists.

Stnauany
Three experiments were performed

o determing the infuance of intraliat
similarity and intertrial interval on
learning and retention of seriai adjec-
tivelists. Similarity was manipulated
by varying degree of tynonymity of
clusters within lists. Three intertrial

rests of 2, 30, and 60 0 sec. were used for
each experiment. The 2§ Sz in each
experiment learned each list to one
perfect trial following which retention
was measured after 24 hr.

The results showed that the method
of manipulating similarity did not
produce differences in rate of learning.
Learning was more rapid for the 30-
and 60-gec. intertrial rest conditions
than for the 2-sec. condition, thus
confirming previous findings. No dif-
ferences in retention were evident for
either variable.

Two additional experiments were
performed in an attempt to |, roduce
differences in rate of learning as a
function of similarity. By manipu-
lating number of items with a cluster
of synonyms, wide diffierences in rate
of learning were achieved. Agsin,
distributed practice facilitated learr-
ing. The high-similarity lists were
better recailed than low-similarity
lists. Since ssveral previous studies,
using different materials and iearning
methods, and different techniques of
manipulating similarity have shown
little difference in recsll as a function
of interlist similarity, it was concluded
that the better recall of the high-
similarity lists in the present experi-
ments was a function of the particular
method of producing high similarity.

(Received September 2, 1952)
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